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MOTIVATION

Differential Cross Section of yd — pd (SLAC)
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 These studies will allow to test models of Mandelstam t :
hadronic scattering of p and w-mesons from the t=(P,— Py)’=(P,—P, )
nucleon.
Reactions in interest

* Limited world data for these channels. yd=>pd yd->wd
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DIBARYON

8

NA| What are dibaryons?

= 6 quarks in a bag 6

= The deuteron =
(JP)=0(1*) = 2.2 MeV bound §4

= The only clear-cut
“dibaryonic molecule”
= Recall the nn, pp, and np 5
(JP)=1(0*) strong spin singlet
states are unbound...

= ... by only ~100 keV

= One of the great "fine-tuning” 0
mysteries of naturell 200

Borrowed from R. A. Schumacher, CLAS Coll. 06-20-2014

1000 1200

300 .
* Theoretically expected and long ol op
sought resonances.
L 100 - -
e d* (2145): Partial Wave Analysis = o
« Arndt et al. Phys. Rev. C 48, 1926 (1993) !
_ -100 | =T
* Recently claimed d* (2380).
—200 L e

0_0
pn — dr'm 300 -200  —100 0 100 200
ReA

Arndt et al. Phys. Rev. C 48, 1926 (1993)
LR R R R NN R R R R LR R RN
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PID (Data)
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BASIC CUTS

* Timing cuts made using momentum-dependent analysis

e 40 CM < Z gptex < -10 €M

* Fiducial cuts applied:

- Thetacut: 0, ;> 0.1 [rad], 6., > 0.25 [rad];

11/03/2016

- Bad scintillator paddles removed.
Particle | Sector 1 | Sector 2 | Sector 3 Sector 4 | Sector 5 | Sector 6

o+ 23, 27 11, 23, 31 23, 33. 35 | 23, 29 23
> 43 > 45 > 40 > 46 > 46 > 45

_ 23, 27 11, 15, 16, 23, | 23, 27, 35 | 20, 23, 29 | 23
g >41 | >41 | 3436, >41 | > 43 > 43 > 42

q 23, 27 23 11, 22, 23 23 23 23
> 35 > 39 > 35 > 35 > 3D > 39




BASIC CUTS

« MM? cut

H
o
w
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vyd - pd - 7tmd

~vd - wd* - wtwd 50
~0.01 < MM* < 0.005 [GeV’/c']

900E
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700
600
500
400 Missing
300
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20
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waLng.‘kl—t—!i
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| | | | | |
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vyd - pd - m'7d
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GLOBAL SPECTRUM yd - pd ~ mwd

Data: M(7+7~)

{
- M(rho) !
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2 4000 —
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02 04 06 08 1 1.2 1.4 1.6 1.8 2 fbckg(x):

M(m+m-) [GeVic?] Jmmn_ 1

fbckg(x):a+bx+cx2+dx3

11/03/2016 9



vyd - pd - wd

BINNING

MC: -t vs Ev

Data: -t vs EY

-t [GeV?/c?]

19 £ cldbell B LIRS

B L i

-1 [GeV?/c?]

e Data and MC events binned in 10 incident photon energy
and 10 4-momentum transfer bins.

14 < E, < 34 [GeV]
25 <t < =03 [GeV’/c]

10
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YIELD EXTRACTION yd ~ pd ~ 'wd

Data M(TE )
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ACCEPTANCE 4o od o wted
& WORKING FORMULA K P

Acceptanceof yd > pd—-> n* " d

of 0 MESo b esEsw 1 Differential Cross Section:
| o do . vield
et T dt Y (8t)AL(Ey)
M:_ “ _ A= Detector Acceptance

Coe L . Luminosity,

Acceptance

"22<E <24 : : 2.4-::E -:2.6: : i N l
o4 ) T T . p=te_al N,
i 1 ] Md
0.2} + C . - .
L R . ) SR NY=NY(EY)
i : 2.G-=E:-:2.B : T : 2.B-=:ET-=3.0: = 0;=0.169¢g Cm_3
o4 T ] [,=24cm
o .. .. .. _‘ M,;=2.014¢g mole ™"
S o L(E,)~3.8—1.6pb "
ol 3.0<E <32 1 32<E <34 ;
B 1 — 2/ 2
_ 1 _ 0t=0.22GeV*/c
L T« o . 7
B e e
t [GeVZicT]
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* ntw d

M. Sargsian

DCS
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*
— within PWIA

*
—— FSI Included

* Calculations provided by

Dlﬁerentlal erss Section of bt d —p d - 11; nd
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povwl o ||||||,;_|||||,|,|,|] L
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vyd - wd - m'ad (7)
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GLOBAL SPECTRUM yd - wd ~ 7'7d ()

Data: MM(~d, d)
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BINNING vyd - wd - 7rd (7°)

Data: -t vs ET MC: -tvs Ev

4 a0 4
2500

35 3.5

3 3

—12000

-1500

1
15 1.5 —l{1000
1 1 LI |
. — 500
0.5 0.5 e IE]
0 0 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 0

« Data and MC events binned in 5 incident photon energy
and variable 4-momentum transfer bins.

. 1l4<E <34 [GeV]
~25 <ty < 03 [GeV/c’]
20 < t,, < —03 [GeV’/c?]
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YIELD EXTRACTION yd - wd - 7'rd ()

Clata: vy Dlata: WPy o, 4 Clata: WA o, 2 Clata: My o, 2 Clata: vy Dlata: WPy o, 4 Clata: WA o, 2 Clata: My o, 2

Data: MM(y d, d)

etNewE318
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= -
________ O — n!l ||.I| 1
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ACCEPTANCE vd = wd — wrd (1)
& WORKING FORMULA

Acceptanceofyd— o d

Differential Cross Section:

C1a<E<1s b isege2s
04 -+ do (E )_ Yield .
_ )
dc " (8t)AL(E,)
0.3 -+ ¥
A= Detector Acceptance
02 -+ : :
Luminosity,
0.1+ = s 5 = ® ® -+ = ) " P N,
g . - - L: d A~d Ny
E NI T T T Loy | Md
Q [T ! T | ]
§ I 2.2<E, <29 28<E, <3.4 NyENy(Ey)
<L oar - _ -3
0;=0.169g cm
[,=24cm
03¢ - M,=2.014 g mole "
-1
0.2F i L(E,)~3.8—1.6 pb
. Ot=varies
01 & " " n - ™
P TP S I A NP NN PPN AP VAP BT AP O
-14 .2 - -08 -06 -04 -14 -2 1 0.8
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Differential Cross Sectionofyd > od—->n'n nd

10* |III|\\I|IIIIII\IIIIIIIIII\IIIII

|\II|\II|IIIIIIIIII'IIIIIIIII-I\.IIII* 104
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¥ 7w d(nd
—— within PWIA*
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-
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1072 107

1 IIIII|_l|

_IIIIII|'|] IIIIII|T| IIHIIII‘ IIIIII|T| IIIIII|T| IIHIIII| T TTTTm]
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Y
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>
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dt
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vyd - nd* - 7'nd
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WHAT WE SEE yd -~ ndt  wwa

x10°
8k
7E
6F
o 5F
1= -
3 4F 5
© - :
3F
2F
1E
E 1 1 1 | 1 1 Ii | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 1 l 8 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 0
082 22 24 26 28 3 32 34 : 0.4 0.6 0.8 1 12 1.4
M(d ) M(n* )
3<103
B : 100
10— :
8 : 80
o L ‘N
560 | S o
3 | g =
a4 i 40
ol 20
L 1 1 1 | 1 1 Ii | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 8 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 0
08 2 22 24 26 28 3 32 34 : 0.4 0.6 0.8 1 1.2 1.4

M(d ) M(rn* ')
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WHAT WE SEE yd -~ ndt  wwa

2.700 < W < 3.085 GeV

6><103 _
a3 34 | REEIRE . Iso
50 3.2F S 7o
E 3 S e : —60
4 i . FE
Q r . ’I:? 28 ; - —50
c - : SERESRPR |
2 3 : S _
3 C = 2.6 : S 40
- 2.2 _ 20
£ i | i
C : 10
_I 1 1 | 11 Ii | 11 1 | 1 11 | 111 | I 1 | 111 | 11 1 | 1 18 1 1 1 0
082 22 24 26 28 3 32 34 ' 0.4 0.6 0.8 1 12 14
M(d ) M(n* )
10°

3.2 70
. —60
~2.8F 50

III|IIII|IIII|IIII|IIII|IIII|IIII|IIX

“a e n
=
3 2 -—40
o =
—30
20
: 10
1 1 1 | 1 1 IE | 1 1 1 | 1 11 | 1 11 | I 1 | 11 1 | 11 1 | 1 1 8 1 0

1 | 1
8 2 22 24 26 28 3 32 34 : 0.4 0.6 0.8 1 1.2 1.4
M(d ) M(r* ')
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BINNING yd - ad* ~ w'rd

Data: W vs Cos(67,,)

3.3 —prre—yrrm : 400 33

350 32

3.1 300 3.1
o £l v e S 1 -1 < Fif
s F - o e (N N IR 8 o
O, 29f== — — 'H“-'-" —1 :',,.,'_;..'—'-._‘H 200 O, 29 =384
2 = 7- ' s | NN
28 F“*‘EE: 150 28f—fg—
z.?f N ——u = —L 2 100 27k
Z-Gf— 2.63—
- I I PR | | | 250
257" 08 06 04 -02 0 02 04 06 08 1 0 1
Cos(0,,,)

e Data and MC events binned in 4 W bins and 10 angle
bins.

. 14 < E, < 16 [GeV]
270 < W < 3.085 [GeV]

+

—1.0 < cos(07,,) < 1.0
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YIELD EXTRACTION yd - wd* ~ wird

Data: M(d t*)

dpipwC7 |
Entries 36007 | ||
Mean 2.292
RMS 0.1306
x2 | ndf 656.7 / 34
p0 569.5+ 12.6
pl 2.161 + 0.001
p2 0.05+ 0.00
p3 3.586 + 0.037

Cumwpr

200

0 III|IIII|IIII|IIII|IIII|II _I_|_II_IJ|IIII|IIII

2 21 22 23 24 25 26 27 28 29 3
GeV_/c2

Cosine bins ———»
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DIFFERENTIAL CROSS SECTION (DCS)

Differential Cross Section of y d —» d**n" — n* " d

Working formula for DCS:
do Yield = 27<ys<28 T 28<is<29
- (W): - i ]
dcos(07,, ) 8(cos(0%,))AL(W) | - :
10° - " : _
C . bos .
A= Detector Acceptance t E *
Luminosity, 3
N, I )
L:pd alg N, £ 1
Md b.z._:.? III = I = I ———— : I::I | :I: I I:
8t 29<1s<3.0 1 3.0 < Vs <3.1 ]
N,=N, (W) i i f
0,=0.169g cm* L Y -
[,=24cm i
M,=2.014 g mole™" i ]
L [] i 4
L(W)~3.0-23pb" oE P by T
L 1 § ]
dcos( 0y )=0.2 i I Pt ?
_ | | cos(e_') |
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CONCLUSION

 The vector meson cross-section data provides sensitivity
to the nucleon-scattering data for higher |t|-values.

 DCS for vector meson channels verify diffractive scattering
processes as expected.

« Understanding this reaction channel will help understand
its interference in the d* resonance
e vd - wd* - w'wd

* Forward peaking differential cross section for the d***

* Next steps would include:
» Study of |t|-slope dependence in MC for vector
meson channels.
» Study of systematic uncertainties
 Comparison with theory including interference effects

TR R
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INVESTIGATED CHANNELS

yd > pd > n°n d

p(770) (71 1I6UPC =1+1— )

Mass m = 775.26 £ 0.25 MeV
Full width ' = 149.1 + 0.8 MeV
Mee = 7.04 £+ 0.06 keV

Scale factor/ P
p(T70) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)

T ~ 100 % 363

yd > od > 7" n d (n°)

w(782) 16PC =0-1—)

Mass m = 782.65 £ 0.12 MeV (S = 1.9)
Full width I = 8.49 + 0.08 MeV
Mee = 0.60 £ 0.02 keV

Scale factor/ [}
w(782) DECAY MODES Fraction (I';/T) Confidence level (MeVjc)
ata a0 (89.2 £0.7 ) % 327
w0y ( 8.28+0.28) % s=2.1 380
ata— (1.53F011y0 5=1.2 366
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INTERFERENCE

x10° 4
8F d*++ ) i
e 35
6 -
o 5F T 3
< s T
) 4 E_ S L
3F 2.5
2f :
1E 2r
D : 1 1 | 1 B 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1
2 2.5 3 3.5 4 0 . . 06 08 1 12 14
M(d’ n+) M(n+ )
x10°
Plot Description 10~
The 2D histogram is made after basic cuts are applied to the data. B
Plot on the left is the y-projection of the 2D histogram. It is the 8 n
invariant mass distribution of the outgoing deuteron and the n*. 7] 6:
C —
Plot on the right is the x-projection of the 2D histogram. It is the § i
invariant mass distribution of n* n° or the p-meson distribution. 4 C
2F
0_...|...|...|...|...|...
0 02 04 06 08 1 12 1.4
M(x* )
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INTERFERENCE

3
x10 ar
10 B
[ 3.5
81 C
) B = i
£ gL ® 30
3 s ¢
o - = B
4 2.5—
N -
- 2 —
D i L 1 1 B 1 1 1 I 1 1 1 | 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1
4 0 06 08 1 12 14
M(r+ T)
x10°
Plot Description 10—
The 2D histogram is made after basic cuts are applied to the data. B
8
Plot on the left is the y-projection of the 2D histogram. It is the =
invariant mass distribution of the outgoing deuteron and the n". 7] L
c 6—
> -
Plot on the right is the x-projection of the 2D histogram. It is the 8 -
invariant mass distribution of n* " or the p-meson distribution. 4 C
2 —
0 C L L L I L L L | 1 1 1 I L 1 L I L L 1 I 1 L L

0 02 04 06 08 1 12 14
M(w* ')
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INTERFERENCE

3

St 35
5F 3
4 "
o F t 2.5
S 3f g
g °F z |
- s 2F
2 =
- 1.5p=
1E P
D: L L L L I T —— 1 1 | 1 1 1 1 | 1 1 1 1 'l .T":'.::-l'- hl':- -.I- ) -.I :.- | 1 --i-.l I-'|1I-|III.I-I-JIIIIIIIIIII-IIIII ﬂ
1 15 2 25 3 3.5 05 06 07 08 09 1 11 12131415
MM((y d, &* ) MM(y d, d)
2
Plot Description 1.8
The 2D histogram is made after basic cuts are applied to the data. 1.6
Plot on the left is the y-projection of the 2D histogram. It is the 1.4
mass distribution for the n° and the outgoing d. o 1.2
c
Plot on the right is the x-projection of the 2D histogram. It is the § 1
mass distribution for =+ n" 7° or thell@=meson distribution: 0.8
0.6
0.4
0.2

8....I....I....I....I....I....I....I....I....I....

S 06 07 08 09 1 11 12 13 14 1.5
MM(y d, d)
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